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1. Introduction

In RAN4#93, the RRM requirements for RSS based RSRP measurement in Rel-16 eMTC were discussed. Following agreements are captured in the WF [1].
	Summary of accuracy proposals for BL UEs


Summary of accuracy proposals for non-BL UEs
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· Improved measurement accuracy requirements for RSRP based on RSS is defined based:
· [3] samples in normal coverage
· [5] samples in enhanced coverage 
· Whether RRM requirements are defined for RSS based RRM measurements for neighbour cells in RRC_CONNECTED state is FFS due to impact on existing gaps and existing measurement requirements.


In this paper, we will provide our further simulation results and proposal on accuracy for 

· BL UE at -6dB with 3 samples

· Non-BL UE at -6dB with 3 samples, and -12dB and -15dB with 5 samples
In addition, we will also discuss the applicability of RSS based RSRP measurement requirements.

2. Discussion
2.1. RSS measurement accuracy
2.1.1. BL UE
The summary of accuracy proposals for BL UEs in [1] does not include our number for -6dB. This was because we made our accuracy proposal [2] based on 5 samples, whereas it was agreed to base the accuracy requirements on 3 samples for -6dB. We have provided our simulation results for 3 samples at -6dB in RAN4#92 in [3], and the worst case baseband error among all propagation channels from our results is 1.2dB. Our accuracy proposal is thus 1.5dB without margin or 5.5dB with margin.
Proposal 1: Include our accuracy proposal for deriving the accuracy requirements for BL UE.
· 1.5dB without margin or 5.5dB with margin at -6dB
2.1.2. Non-BL UE

Table 1-5 show the simulation results for non-BL UE with 2Rx in terms of absolute RSRP error for AWGN, EPA5, ETU30, EPA1 and ETU1 channels. For each channel, the results are presented for measurement period of 480ms (3 sample) and 800ms (5 samples). 
Table 1: Absolute RSRP error based on RSS for AWGN
	Propagation

channel
	SNR [dB]
	Measurement period

	
	
	480ms
	800ms

	AWGN
	-15
	2.82
	2.30

	
	-12
	1.77
	1.41

	
	-6
	0.70
	0.54


Table 2: Absolute RSRP error based on RSS for EPA5

	Propagation

channel
	SNR [dB]
	Measurement period

	
	
	480ms
	800ms

	EPA5
	-15
	2.90
	2.28

	
	-12
	1.69
	1.20

	
	-6
	0.63
	0.45


Table 3: Absolute RSRP error based on RSS for ETU30

	Propagation

channel
	SNR [dB]
	Measurement period

	
	
	480ms
	800ms

	ETU30
	-15
	2.80
	2.13

	
	-12
	1.64
	1.23

	
	-6
	0.65
	0.50


Table 4: Absolute RSRP error based on RSS for EPA1

	Propagation

channel
	SNR [dB]
	Measurement period

	
	
	480ms
	800ms

	EPA1
	-15
	3.05
	2.29

	
	-12
	1.81
	1.34

	
	-6
	0.65
	0.49


Table 5: Absolute RSRP error based on RSS for ETU1

	Propagation

channel
	SNR [dB]
	Measurement period

	
	
	480ms
	800ms

	AWGN
	-15
	3.01
	2.28

	
	-12
	1.77
	1.32

	
	-6
	0.65
	0.49


From the tables, the worst case baseband error (ceiling to the next half dB level) is 2.5dB for -15dB, 1.5dB for -12dB and 1dB for -6dB. We suggest to take our results into account for deriving the accuracy requirements for non-BL UE.

Proposal 2: Include our accuracy proposal for deriving the accuracy requirements for non-BL UE.
· 1dB without margin or 3.5dB with margin at -6dB

· 1.5dB without margin or 4dB with margin at -12dB
· 2.5dB without margin or 5dB with margin at -12dB

2.1.3. Accuracy requirements

In RAN4#93 it was agreed that

	· RSRP measurement accuracy

· Methodology: Take the averaged value of all proposals for the same number of samples and specify the accuracy requirements accordingly.


The RSRP accuracy requirements are derived based on a baseband measurement error which is from companies’ simulation results and a margin for imperfect RF calibration. We understand RAN4 should take the averaged value of the allowed baseband errors as proposed by companies, while there are already common assumptions for RF margin. 

In RAN4#93, the RF margin used in companies’ accuracy proposals were captured in chairman notes as 

	RF margin:

· Intel: 2.5 dB

· Huawei: 4 dB for BL UE and 2.5 dB for non BL UEs

· Ericsson: 3 dB

· Qualcomm: 3 dB

· Nokia: 2 dB


However, RAN4 in Rel-14 has discussed the accuracy requirements for non-BL UE for normal CRS based measurement. The assumption on RF margin was addressed in [4], which proposed to assume 4dB margin for BL UE and 2.5dB margin for non-BL UE. The assumption was used in deriving the accuracy requirements for CRS based measurement for eMTC. In our view, the RF calibration process will not change for RSS based measurement, so the same RF margin should be assumed as in Rel-14.  
Proposal 3: RAN4 should take the averaged value of the allowed baseband errors in deriving the accuracy requirements for RSS based measurement.

Proposal 4: RAN4 to use RF margin of 4dB for BL UE and 2.5dB for non-BL UE in deriving the accuracy requirements for RSS based measurement.
2.2. Requirement applicability
Based on the RAN4 discussions, RSS based measurements will results at different measurement period and accuracy than CRS based measurement. It is a question when UE should perform RSS based measurement and meet the related requirements.
2.2.1. Connected state
For eMTC, the measurement in Connected state is based on measurement gaps, for both intra-and inter-frequency. This is because eMTC UE is working on a narrowband (NB) for scheduling which may be different than the central 6-PRB where PSS/SSS is transmitted. During measurement gaps, UE will re-tune to the central 6-PRB of a carrier frequency to do cell search and measurement. 
RSS, however, will not be located in the central 6-PRB as agreed in RAN1#98bis. It means UE cannot receive RSS during measurement gaps. One alternative is that UE in some gap occasions re-tunes to central 6-PRB while in other gap occasions re-tunes to the NB where RSS is transmitted, but it will extend the measurement delay of both RSS and CRS based measurement. This is to us not preferable, as 
· Cell search can only be done based on PSS/SSS, and cell detection delay is already quite long 

· CRS based measurement is the baseline measurement, and RSS may not be available from all cells

In our view, RSS based measurement can be left to UE implementation, so it will not impact the CRS based measurement and UE is still required to meet the current requirements for CRS based measurement. Therefore, we suggest RAN4 to not define RSS based measurement requirements for Connected state.
Proposal 5: RAN4 to not define RSS based measurement requirements for Connected state.

2.2.2. Idle state
Power saving is important for Idle state, especially for eMTC UEs. Idle state requirements are defined based on the assumption that UE takes one measurement every DRX cycle or several DRX cycles. UE typically takes the measurement samples before or during POs. RSS, however, is cell specific, and in general not aligned with individual UE’s PO in time domain. As a results, UE will need to wake up additionally to take RSS based measurement even for the serving cell, which will adversely impact power consumption in Idle state. Therefore, the RSS based measurement should be limited.

Based on agreements from RAN1#98bis, the location of RSS in time/frequency domain is a function of cell ID. It means if UE is required to measure RSS from all cells which transmit RSS, UE needs to wake up at multiple RSS time locations, and re-tune to multiple RSS frequency locations (each time only one RSS frequency location can be measured). This will have quite big impact on UE power consumption and measurement delay, so we think at least for those cells whose RSS is not at the same time/frequency location as the serving cell, no requirement should be defined.
For serving cell and the neighbour cells whose RSS is at the same time/frequency location as the serving cell, RAN4 needs to further discuss the applicability. Although RSS based measurement has better accuracy than CRS based, the measurement period is depending on the RSS periodicity and may be longer than CRS based. As there are different tasks based on measurement, e.g. serving cell evaluation against S-criterion, neighbour cell evaluation against R-criterion, PRACH CE level selection etc., it is not clear to UE which RS it should use for RSRP measurement in general or for specific tasks.
Proposal 6: For Idle state, RSS measurement requirement is not defined at least for neighbor cells whose RSS is not at the same time/frequency location as the serving cell. 
Proposal 7: For Idle state, RAN4 to further discuss the applicability of RSS measurement requirements for serving cell and neighbor cells whose RSS is at the same time/frequency location as the serving cell.
3. Conclusions

In this paper we provided our views on remaining issues for RSS based measurement in eMTC.
Proposal 1: Include our accuracy proposal for deriving the accuracy requirements for BL UE.
· 1.5dB without margin or 5.5dB with margin at -6dB
Proposal 2: Include our accuracy proposal for deriving the accuracy requirements for non-BL UE.
· 1dB without margin or 3.5dB with margin at -6dB

· 1.5dB without margin or 4dB with margin at -12dB
· 2.5dB without margin or 5dB with margin at -12dB

Proposal 3: RAN4 should take the averaged value of the allowed baseband errors in deriving the accuracy requirements for RSS based measurement.

Proposal 4: RAN4 to use RF margin of 4dB for BL UE and 2.5dB for non-BL UE in deriving the accuracy requirements for RSS based measurement.
Proposal 5: RAN4 to not define RSS based measurement requirements for Connected state.

Proposal 6: For Idle state, RSS measurement requirement is not defined at least for neighbor cells whose RSS is not at the same time/frequency location as the serving cell. 
Proposal 7: For Idle state, RAN4 to further discuss the applicability of RSS measurement requirements for serving cell and neighbor cells whose RSS is at the same time/frequency location as the serving cell.
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